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SYNTHESIS OF CYCLIC ETHERS BY RHODIUM CARBENOID CYCLISATION 

Julie C. Heslin, Christopher J. Moody, l Alexandra H.Z. Slawin, and David J. Williams 

Department of Chemistry, Imperial College of Science and Technology 
London SW7 ZAY, U.K. 

Smnary : Treatment of the diazocarbonyl compounds (21, readily prepared in 
3 steps from methyl acetoacetate, with a catalytic amount of rhodium (II) 
acetate, leads to the formation of the cyclic ethers (3). 

The rhodium (II) catalysed decomposition of diazocarbonyl compounds is believed to involve a 

metallo-carbenoid intermediate which retains the highly electrophilic properties associated 

with free carbenes.' Therefore, in an appropriate acyclic substrate, such an intermediate 

would be intercepted intramolecularly by a nucleophile to effect overall cyclisation. Although 

examples of such cyclisations, shown in general in Scheme 1, are known, 293 the reaction has not 

been widely exploited in synthesis. Hence we have been interested in exploring the potential 

of rhodium carbenoid cyclisations as a general route to oxygen-, sulphur-, and nitrogen- 

containing rings (Scheme 1, X = 0, S, NR), and we now report our preliminary results on the 

first use of this method in the synthesis of 7- and 8-membered ring ethers. 495 
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The starting diazocarbonyl compounds (2) were prepared in 3 steps from readily available 

materials (Scheme 2). Thus methyl acetoacetate was converted into its dianion, and alkylated 

with a t-butyldimethylsilyl (TBDMS) protected a,w-haloalcohol (Table) to give the 8-ketoesters 

(1) (43174%). Diazo-transfer to (1) using tosyl azide in acetonitrile in the presence of 

triethylamine proceeded easily (76-g8%), and removal of the TBDMS-group in the presence of the 

diazo function to give the required diazo compounds (2) was achieved by the use of aqueous 

acetic acid or aqueous hydrofluoric acid (62-79%). 

1403 



1404 

MeO,C a i , ii 
O,+- 

* A 
0 CH, iii CH,’ 

1 

iv MeO,C N, yH 

” x 
A 

0 CH,’ 

2 

Scheme 2. Reagents: i, NaH, THF; ii, BuLi; iii, Hal-A-OTBDMS (Table); iv, TsN3, Et3N, MeCN; 

v, AcOH-H20-THF or HF-H20-MeCN. 

The cyclisation of diazo compound (2a) occurred readily in refluxing benzene in the presence of 

a catalytic amount of rhodium (II) acetate to give the 3-oxo-oxepane (3aI in good yield 

(Table). The reaction is not subject to steric hindrance at the oxygen centre, the tertiary 

alcohol (Zb) cyclising just as easily, in 72% yield. Similarly, cyclisation of the phenol (2~) 

gave the 3-oxotetrahydrobenzoxepin (3c) (71%), and the diazo compound (Zd) gave the 

3-oxo-oxocane (3d) in modest yield (Table). 

Table. Rhodium (II) Acetate 

Hal-A-OTBDMS Diazo Compound (2) 

a; I(CH2130TBDMS 

b; I(CH2)2CMe20TBDMS 

c; BrCH2-C6H4-OTBDMS 
Me02;m 

d; I(CH2140TBDMS 

Catalysed Cyclisations 

Cyclic Ether (3) Yield (%I 

78 

72 

71 

24 
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The structures of the cyclised products (3) were supported by their spectral properties, 

although the n.m.r. spectra were complicated by the presence of both keto and enol tautomers of 

the cyclic 8-ketoesters. However, the n.m.r. spectra of the corresponding TBDMS-enol 

derivatives, for example (4) prepared by treatment of (3a) with TBDMS-triflate, were much 

simpler and easier to assign. The 3-oxo-oxepane (3a) also reacted with benzylamine to give the 

crystalline enamine (51, m.p. 115-117"C, the structure of which was confirmed by X-ray 

crystallography (Figure). 637 
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Figure. X-Ray Crystal Structure of Methyl 3-Benzylamino-4,5,6,7-tetrahydro-oxepin-2-carboxylate 

(5) (showing crystallographic numbering). 

Thus the rhodium carbenoid cyclisations to 7-membered ring ethers occur easily in good yield. 

Although OH bonds are thermodynamically stronger than CH bonds, competing CH insertion 

reactions are not a problem, providing further evidence that the reaction proceeds by nucleo- 

philic attack on a rhodium carbenoid intermediate.4 The formation of the 8-membered ring 

ether, albeit in modest yield, is particularly noteworthy since 8-membered rings are among the 

most difficult to form by any ring closure method. 899 

We thank Dr. S.M. Roberts for helpful discussions, and Glaxo Group Research (Greenford) for 

their generous support of this work (studentship to J.C.H.). 
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= a2 (f) + 0.00025 F2]. 
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